The forensic pathologist responsible for sudden unexpected death (SUD) investigation in the pediatric setting faces many challenges. It usually takes many years to obtain reasonable experience and exposure to the wide variety of diseases that may present as SUD in a pediatric context, and to appreciate the differences in the etiology and clinical context between the pediatric and adult SUD setting. In pediatric SUD, it is necessary to conduct a systematic, pediatric-focused autopsy investigation including extensive histopathological assessment and ancillary testing. Postmortem histologic findings in the context of SUD in the pediatric population are often subtle and distinctly different from those seen in the adult population. The pathologist must have an understanding of both developmental and pathological processes in order to correctly interpret the findings during a pediatric autopsy. A system-based, histopathology-focused review of common entities, normal variants, and incidental findings that can prove challenging will be discussed. For the forensic pathologist tasked with pediatric SUD autopsies, development of a strong collaborative relationship with a pediatric pathologist and/or neuropathologist to assist with histopathological analysis is strongly endorsed. Acad Forensic Pathol. 2018 8(3): 492-538 
INTRODUCTION
Sudden unexpected death (SUD) refers to the natural death of an apparently healthy individual occurring within a short time frame from symptom onset (1) (2) (3) (4) . Sudden unexpected death in in infancy (SUDI) and in childhood (SUDC) is a rare occurrence in comparison to SUD in the adult population. There are also many differences in the etiologies and clinical context between pediatric and adult SUD settings that make the investigation of SUD in the young particularly challenging.
In adults, the vast majority of SUD are attributable to grossly evident pathology, such as atherosclerotic coronary artery disease, pulmonary thromboembolism, cerebral hemorrhage, etc. In pediatric SUD, gross causes of death are the exception and indeed the majority of deaths ultimately necessitate the conduction of a systematic, pediatric-focused autopsy investigation including extensive histopathological assessment (4) (5) (6) . Pathological changes in children that point to an underlying cause of death (COD) may be extremely subtle. As advocated by Dapena et al. in their landmark histopathology atlas of SUDI (4), it is important for the pathologist to have an appreciation of the differences in the histopathological appearance of organs in the pediatric setting, including of the age-related, organ-specific developmental changes, especially in the neonatal group.
Correlation of the histopathology with results from ancillary testing and historical information, particularly metabolic, microbiology, virology, familial/genetic factors, is also highly important. Molecular testing for gene mutations associated with congenital arrhythmogenic syndromes and channelopathies (such as long Q-T syndrome and Brugada syndrome, respectively) may be performed in the context of all unascertained cases with an apparent arrhythmogenic mechanism of SUD. Molecular genetic testing panels are being increasingly utilized to facilitate genetic counselling of relatives of the decedent, including family planning for future pregnancies.
In an ideal world, all pediatric SUD autopsies would be performed by pathologists with both forensic and pediatric autopsy expertise. The number of pathologists with both forensic and pediatric pathology certification is exceedingly small. Coperformance of autopsies by a forensic pathologist and a pediatric pathologist has been advocated but is often logistically challenging. A more common practice is for the pediatric pathologist to be used as a consultant by the forensic pathologist. This is particularly useful when it comes to histopathological evaluation. Development of such a relationship is strongly endorsed.
DISCUSSION

General Guidelines for Histological Sampling in Pediatric Sudden Unexpected Death
Coroner warranted pediatric autopsies performed at The Hospital for Sick Children (SickKids), Toronto, Canada, a tertiary care academic teaching pediatric hospital, follow a standard Ontario Forensic Pathology Service mandated autopsy protocol. Internal quality assurance (QA) peer review includes hospital-based clinicopathologic autopsy rounds and peer review of all autopsy reports. Province-wide QA review is also carried out by the Sudden Unexpected Death Under 5 Review Committee, the membership of which includes forensic and pediatric pathologists, pediatricians, coroners, and police investigators.
The SUD autopsy protocol at SickKids includes: postmortem photography; postmortem radiology, external examination including analysis of growth parameters by comparison with expected weights and measurements for age using standardized reference values, internal examination including detailed examination of the heart and central nervous system (the latter by a neuropathologist with pediatric neuropathology experience), and comprehensive histologic examination and ancillary testing. Further details regarding the latter are outlined in Table 1 .
Routine histopathological examination of all major organs to confirm developmental stage as well as assess pathology findings may be a necessary part of the pediatric autopsy (4, (7) (8) . The importance of a high 
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System-Based Histopathological Considerations
A comprehensive overview of all system-based histopathologic findings commonly encountered at pediatric autopsy is beyond the scope of this review. A selection of limited common entities, normal variants, and incidental findings that can prove challenging for the forensic pathologist with limited pediatric pathology experience will be discussed.
General Findings
Histopathologic considerations in all pediatric autopsies, regardless of age, include those related to evidence of postmortem changes, resuscitation stigmata, and sepsis.
Postmortem Changes
Postmortem changes which may make histopathologic examination and interpretation challenging include tissue autolysis and putrefaction. Frank putrefaction, which is uncommon in the pediatric SUD setting, is outside the scope of this review (9) . The distribution and extent of tissue autolysis is variable depending on both external and intrinsic factors (9) . The former include the circumstances of the death (including the cause of death; the environment, ambient temperature, and humidity; type of clothing on the body) and the postmortem interval. Intrinsic factors such as body habitus and antemortem infection-related fever and sepsis may accelerate putrefaction and autolysis, while thermal injury may slow it. Histologically, one can appreciate tissue autolysis on an H&E stain by the loss of nuclear basophilia (or nuclear detail) and hematoxylin staining of intracellular nucleic acids. Certain organs, such as the pancreas, are more prone to rapid autolysis (10, 11) . The renal cortical tubular epithelium and gastrointestinal mucosal epithelium show autolytic changes within four to eight hours (12) . In the absence of reactive vital changes, it may not be possible to distinguish tubular autolysis from acute renal tubular necrosis. Intense vascular congestion may help to differentiate bowel ischemia from autolysis. Similarly, liver autolysis, which is usually evident within 12 hours, may be mistaken histologically for hepatic necrosis (see below). Autolysis is usually a diffuse process involving the entire organ and is not associated with any cytologic or inflammatory reactive changes. With perimortem tissue necrosis, there is usually sparing of some of the cellular elements, such as a relative preservation of the ductular epithelium in the context of hepatocellular necrosis (reviewed in 13).
The microscopic finding of clusters of bacterial colonies randomly distributed within the lung and other organs and without an associated inflammatory infiltrate or tissue reaction is usually indicative of postmortem bacterial overgrowth and ought not to be misconstrued as evidence of a potential infectious cause of death (14) . The clinical context and the postmortem interval are important to consider in this context to avoid misinterpretation of these findings.
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Resuscitation Stigmata
A discussion of the wide variety of external and internal injuries, including rib fractures, that have been associated with cardiopulmonary resuscitation (CPR) is beyond the scope of this review (15, 16) . Correlation with the clinical history, including details relating to resuscitation attempts, is integral to avoiding misinterpretation of resuscitation stigmata. Accurate dating of bruises is notoriously difficult in the pediatric population (17, 18) . That said, sampling of bruises and other injuries for histopathologic examination is still indicated given the importance of differentiating resuscitation-related injuries from preexisting injuries.
Other CPR-related findings at autopsy include pulmonary fat emboli, especially in the setting of intra-osseous needle insertion (Images 1 and 2) (19) , and myocardial reperfusion injury (see cardiovascular section below).
Sepsis in the Neonate
Neonatal infection is divided into very early (<24 hours after birth), early (1-7 days), and late (8-28+ days) (12, 20) . Very early and early onset sepsis may be congenital (acquired in utero or during birth) whereas onset in the later neonatal, infant, or childhood period is usually acquired. One of the most common and virImage 1: Resuscitation-related pulmonary fat emboli in sections of the lung from a patient following intra-osseous line insertion (H&E, x200).
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ulent pathogens affecting neonates are Gram-positive bacteria such as Group B streptococcus (GBS) (21) . In acute GBS sepsis induced toxic shock, there may be no specific histologic inflammatory response at autopsy (22) . Alternatively, acute bronchopneumonia may be seen histologically in the lungs, as can meningitis (4) . Group B streptococcus can also manifest as diffuse alveolar damage (DAD) with hyaline membrane formation (23) . Hemophilus influenza infection can also present with a similar DAD pattern of lung injury (12) . Group A streptococcus (GAS) infection may present as an acute pneumonia, necrotizing fasciitis, erysipelas, cellulitis, osteomyelitis, septic arthritis, meningitis, or toxic shock syndrome (24) . Post-streptococcal glomerulonephritis and, rarely, rheumatic fever are other secondary complications.
Secondary stigmata of multiorgan failure are often seen in septic deaths. These include centrilobular necrosis/hemorrhage in the liver, often with intrahepatic cholestasis; acute tubular necrosis and hemorrhage in the kidneys; increased extramedullary hematopoiesis; and evidence of disseminated intravascular coagulopathy (DIC) (12, 22) . Disseminated intravascular coagulopathy has a heterogeneous picture that includes intravascular thrombi and parenchymal hemorrhage in various organs. Acute thymic stress atrophy may also be evident, especially with a more prolonged and/ or severe antemortem clinical course (12) . Correlation with antenatal history (particularly the maternal GBS status) and results from microbiologic studies is essential to confirm GBS and GAS as etiologic organisms for septic deaths, particularly when a septic focus is not evident histologically.
Organ System Findings
Cardiovascular System (three to five sections including left and right ventricles with papillary muscles and interventricular septum)
Histopathologic examination of the myocardium may reveal a number of congenital, acquired, or immune driven pathologic processes associated with SUD. Acute myocarditis is characterized by myocardial interstitial inflammation, which may predispose to arrhythmia (25) (26) (27) (27, 28) . However, these guidelines are intended for use in diagnostic endomyocardial biopsies and have not been universally endorsed by pathologists, particularly as they might relate to examination of the heart at autopsy. In our view, in the autopsy setting, myocarditis remains an "H&E" diagnosis. In some cases, it may be difficult to distinguish between myocardial infiltrates that are incidental from those than have caused the death. Thus, whether a child has died of myocarditis or with myocarditis remains a major challenge to the forensic pathologist, which requires a very careful and thoughtful review of the circumstances of death and other autopsy findings.
Eosinophilic myocarditis, characterized by eosinophil-rich infiltrates, is a feature of hypersensitivity reaction to a drug or toxin, parasitic infections, or idiopathic hypereosinophilic syndromes (29) . Giant cell and granulomatous myocarditis may rarely be detected at autopsy in the pediatric population and are often associated with other immune-mediated disorders (Image 8) (30) . A CD68 immunostain may be useful in the diagnosis of these conditions. Infectious organisms need to be excluded with specials stains (such GMS or PAS for fungi, ZN for acid fast bacilli) and microbiologic studies.
A number of cardiomyopathies may also cause SUD, again, usually from an arrhythmogenic mechanism. Cardiomyopathy is classically diagnosed on the basis of gross phenotype. Microscopic examination is useful in excluding differential diagnostic possibilities. For example, distinguishing dilated cardiomyopathy from myocarditis and arrhythmogenic right ventricular cardiomyopathy (AVRC) in older children; and hypertrophic obstructive cardiomyopathy (HOCM) from metabolic disorders, as described below. Myofiber disarray is the characteristic feature of HOCM and often involves at least 15% of the myocardium in sections taken from the mid-interventricular septum (31) . Myofiber disarray may also be seen in Noonan syndrome (32) . A diagnosis of HOCM is made following correlation with gross cardiac and molecular genetic findings (31) . Electron microscopy (EM) is useful to exclude metabolic storage disorders that may present with a hypertrophic phenotype (e.g., Pompe Disease) (33) . Special stains are invaluable in the examination of the myopathic heart. A trichrome stain aids in the identification of myofiber disarray, particularly because interstitial fibrosis often accompanies the myofiber disarray in many cases. Furthermore, a diagnosis
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of AVRC is made easier with the use of a trichrome stain, which highlights the fibrosis often associated with areas of fatty replacement. A Movat stain is also useful, highlighting endocardial fibroelastosis and vascular myointimal changes in the heart and great blood vessels.
Vacuolization of myocytes is commonly seen in neonates and is not necessarily indicative of an underlying metabolic storage disorder. In glycogen storage diseases such as Pompe disease, myocyte cytoplasmic vacuolization, or clearing, will be visible on H&E stained sections and the presence of diastase sensitive glycogen can be confirmed with the use of PAS and PASD stains (Image 9). Fat stains, such as oil red O, performed preferably on fresh frozen tissue are also Image 4: Histologic sections from the left ventricle showing interstitial lymphocytic infiltrates with myocyte necrosis; parvovirus B19 DNA was detected on PCR examination of myocardium (H&E, x20).
Image 5:
Histologic sections from the left ventricle showing interstitial lymphocytic infiltrates with myocyte necrosis; parvovirus B19 DNA was detected on PCR examination of myocardium (H&E, x200).
Image 6:
Immunohistochemical stain for CD4 highlights the T cellrich myocardial infiltrate (CD4, x400).
Image 7:
Immunohistochemical stain for CD8 highlights the T cellrich myocardial infiltrate (CD8, x200).
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useful in the detection of intracellular lipid vacuoles. Stored formalin fixed myocardial tissue that has not yet undergone processing for paraffin embedding may also be utilized for oil red O staining.
Proper histologic examination of the cardiac conduction system is a time consuming and technically challenging procedure, which is not warranted except in rare circumstances, such as where there is clear-cut clinical evidence of sino-atrial node dysfunction or atrioventricular heart block. It is important, however, for the autopsy pathologist to know how to properly block-in the conducting system when indicated. Thrombosis of the sinoatrial node artery is a rare Image 8: Aschoff bodies within the myocardial interstitium in a case of sudden unexpected death due to rheumatic heart disease composed of mononuclear inflammatory cells, including plump macrophages (Anitschkow cells) some of which are multi-nucleated, and variable numbers of lymphocytes. These changes were also present in the tricuspid, mitral, and aortic valves and the fibrous skeleton of the heart and pericardium (H&E, x200).
finding, which may be seen in pro-thrombotic states. Increased interstitial fibrosis around the conducting system apparatus, highlighted by trichrome stains, may be seen in accelerated aging disorders in older teenagers. Sheppard et al. has previously pointed out the difficulty in interpreting such findings, particularly given the lack of normal controls (34).
Reperfusion injury is a relatively common cardiac finding at autopsy, manifesting histologically as subendocardial contraction band necrosis, interstitial hemorrhage, and neutrophil plugging (Image 10). Detection of contraction band necrosis is aided by trichrome stains, which accentuate the contraction bands.
Respiratory System (one section of glottis, trachea, and one to three from each lung)
Routine sampling of the upper respiratory tract should include a longitudinal section of the glottis and at least one transverse section of the trachea.
Laryngeal papillomas are benign neoplasms of the larynx associated with human papilloma virus infection (HPV 6/11) that rarely can cause sudden asphyxial death due to airway obstruction in children and young adults (35, 36) . Lesions may involve the true or false vocal cords, epiglottis, supraglottic region, or less commonly, the trachea or main bronchi. At autopsy, a large, fleshy, polypoid, exophytic mass bulges into Image 9: Diffuse myocyte vacuolation in a case of Pompe disease (H&E, x200).
the larynx and narrows the lumen (Image 11). Microscopic examination of transverse sections reveals multiple laryngeal papillomas (Images 12 to 14). Human papilloma virus DNA testing for HPV 6 or 11 (PCR or ISH) may be performed on lesional tissue but is not essential for confirming the diagnosis.
Serious upper respiratory tract infections may histologically present as acute trachitis or epiglottitis. Examination for infectious organisms or viral inclusions, supported by the use of special stains or immunohistochemistry, is indicated in this context. The presence of large numbers of eosinophils may suggest fungal infection or may be seen in acute allergic conditions. An acute traumatic insult from intubation needs to be differentiated from a preexisting inflammatory process. More prolonged intubation may lead to mucosal ulceration or translocation of upper respiratory tract infection into the lower respiratory tract, hence correlation with clinical history is essential. Anaphylaxis may histologically manifest as upper respiratory tract edema, vascular congestion, and perivascular hemorrhage within sections taken from the tongue, glottis, or airway, associated with a mast cell rich perivascular inflammatory infiltrate, often extending into the submucosa (37) . An elastic trichrome stain may show separation of collagen fibers within subepithelial tissue as a result of interstitial edema. A toluidine blue stain highlights acid-fast cytoplasmic granules within mast cells. Immunohistochemical stains for mast cell tryptase are also useful (38) .
Examination of the lungs can be challenging at pediatric autopsy, particularly in young neonates or infants, wherein assessment of developmental architecture and additional pathologic features needs to be performed simultaneously. Ideally, at least one section per lung lobe should be examined histologically. Pulmonary congestion, acute intraalveolar hemorrhage, edema, and septal hemorrhage are common autopsy findings, especially after resuscitation attempts (12) . An iron stain assists with dating the chronicity of hemorrhage and a PAS stain may highlight pulmonary edema. The detection of hemosiderin within pulmonary macrophages using iron stains has not proven to be a sensitive or specific marker of previous asphyxial 
events, either idiopathic or intentional, and has also been observed in cases with pneumonia or unascertained as the cause of death, hence it is important not to over interpret such a finding (39) .
Aspiration of milk and solid food is a common perimortem agonal finding (40) . In this setting, there is no associated inflammatory cell reaction. In children with neurodevelopmental disorders, it may lead to acute lung injury and aspiration pneumonia, manifested histologically as acute or organizing bronchopneumonia with peribronchial abscess formation, diffuse alveolar damage, acute or chronic bronchiolitis, granulomas, and/or an intraalveolar foreign body giant cell reaction to refractile foreign material (Image 15) (41) . Cholesterol clefts may be seen. These changes are usually most prominent within peribronchial zones. A mixed population of aerobic and anaerobic organisms common to the upper respiratory tract may be identified on microbiologic studies of the lungs. 
assist in the detection of bacterial and fungal organisms, respectively. Grocott methenamine silver staining may highlight bacteria not readily visualized with Gram staining, especially in the setting of antemortem antibiotic treatments. In the presence of bronchiolitis, examination for the presence of bacterial or fungal elements and viral inclusions is also required. Fungal bronchiolitis is a rare cause of SUD. Infection with Aspergillus and Mucormycosis species are often seen in the context of immunosuppression and when detected the presence or absence of angioinvasion should be noted (12) . Sudden unexpected death associated with bronchiolitis is most often due to a viral etiology in the pediatric population, most commonly respiratory syncytial virus (RSV) (Images 16 and 17) (39) . Respiratory syncytial virus inclusions are often detect- (42) . Other viral cytopathic effects that may be evident on H&E stains include Cowdry type A intranuclear viral inclusions in herpes simplex virus (HSV) infection, intranuclear and cytoplasmic inclusions typical of cytomegalovirus (CMV), and small dense nuclear inclusions of adenovirus within pneumocytes (12) . Immunohistochemical stains specific for herpes, CMV, adenovirus, and RSV can provide a definitive diagnosis. The pathologist should exercise caution when interpreting these findings at autopsy as, for example, a small number of cells with characteristic CMV inclusions is usually not of any pathological significance. Correlation with microbiologic studies and viral PCR is also necessary to confirm the causative organism/virus.
Respiratory sequalae of prematurity may be seen at autopsy following SUD. Bronchopulmonary dysplasia (BPD) and Wilson Mikity syndrome (also referred to as pulmonary dysmaturity) are two pulmonary diseases associated with prematurity and low birth weight and similar histopathologic features are seen in both diseases (Image 18) (12, 43, 44) . Pathologic features may be subtle, especially since the advent of surfactant therapy and consequent reduction in ventillatory requirements. They include reduced, INVITED REVIEW yet expanded and simplified alveoli (resembling emphysema), dysmorphic capillaries, interstitial fibrous expansion, pulmonary vasculature hypertensive changes, and variable bronchial smooth muscle and mucosal epithelial hyperplasia and squamous metaplasia. Elastic trichrome stains are useful in the assessment of these architectural changes. Immunohistochemical stains for vascular markers such as CD31 and CD34 also highlight abnormal capillaries, which are also reduced in number. Referral to a pediatric lung pathologist may be necessary as the features can be easily missed.
Gross autopsy findings in patients who die a result of status asthmaticus include submucosal airway edema, eosinophil infiltrates, and luminal mucus plugging (45) . In cases of acute asthma, there may be no or minimal acute changes evident histologically due to the rapid time interval between symptom onset and death. Features of chronic asthma that may also be seen in the background include bronchial smooth muscle hypertrophy, basement membrane thickening, and goblet cell hyperplasia within mucosal and submucosal glands (45) . Curschmann spirals and Charcot-Leyden crystals may also be seen. A PAS stain will highlight the basement membrane thickening and exclude concomitant fungal elements. Chronic asthma-related changes do not assist with determining whether or not death occurred due to asthma and may be absent in the context of acute asthma (45) . Correlation with serum IgE levels may assist, however a positive result will not prove that death was preceded by an acute IgE-mediated allergic reaction, nor will a negative result definitively exclude it (46) . Most important is the clinical history. Sudden unexpected death may occur in asthmatic children without preterminal status asthmaticus (45) . In this setting, there may be minimal pathological stigmata of acute asthma.
Pulmonary arterial hypertension is clinically defined by resting pulmonary arterial pressures (PAP) of greater than 25 mmHg or systolic PAP greater than 30 mmHg (47) . Pulmonary hypertensive arteriopathy (PHA), the histopathological correlate of chronic pulmonary hypertension, may rarely present as SUD (reviewed in 48). Children with congenital cardiac disease may develop PHA, most notably in cases where there is an underlying chromosome disorder such as Trisomy 21 (48, 49) . Pulmonary artery branches should be examined for medial hypertrophy, eccentric and/or concentric laminar intimal hyperplasia, and fibrosis and muscularization of arterioles with the aid of elastic trichrome stains (49) . Duplication of the internal elastic lamina, dilatation, plexiform, and angioma- 
toid lesions may also be present in more severe cases. Iron stains are useful in highlighting intraalveolar siderophages. An acute necrotizing arteriopathy with fibrinoid necrosis of the vessel wall, neutrophil and eosinophil vascular wall infiltrates, and intravascular thrombosis may be the presenting histopathologic feature (49) . Atherosclerotic changes in large pulmonary arteries are uncommon in young children but may be seen in often in older children with longstanding disease.
Head/Central Nervous System
Formal consultation by a pediatric neuropathologist is an integral part of the pediatric SUD autopsy given the specialized expertise required to accurately interpret subtle neuropathologic features.
Scalp Contusions and Subdural Hemorrhage
Scalp contusions in children may, or may not, directly relate to the cause of SUD. Direct head injury secondary to a fall following a sudden loss of consciousness, for example, may result in an acute scalp contusion. Histologic sampling with the aid of iron stains may be useful to assist with dating of contusions and to facilitate correlation with gross features and circumstantial history. Similarly, accurate dating of subdural hemorrhages (SDH) relies on histologic sampling of the dura including the hemorrhage and neomembrane, if present, with the addition of iron and trichrome stains (50) . Birth-related subdural hemorrhages are commonly detected in infants at autopsy. Histologic SDH dating depends on a number of histomorphologic criteria, including the nature of the blood clot, characterization of the inflammatory cell infiltrate, the presence of absence of hemosiderin-laden macrophages, and evidence of organization and neomembrane formation such as fibroblast and capillary proliferation and collagen production (50) . Generally, an acute SDH (hours to one day duration) will show red blood cells with polymorphonuclear cell infiltrates and, later, macrophages. A subacute/recent SDH (days to weeks) will show evidence of iron-positive siderophages and variable degrees of neovascularization and collagen production. Chronic SDH will show evidence of a fibrous neomembrane highlighted via a trichrome stain. Secondary white matter axonal injury may be evident histologically in the form of axonal swellings, which are also immunopositive for amyloid precursor protein (APP).
Meningitis and Encephalitis
Sampling of the leptomeninges is important in the detection of meningitis (51) . Leptomeningeal inflammation may extend into the underlying cerebral parenchyma forming a meningoencephalitis. Sudden unexpected death may be a complication of acute bacterial meningitis, particularly in neonates following perinatal exposure to pathogens in the amniotic fluid or birth canal, characterized by leptomeningeal neutrophilic infiltrates, which may be associated with abscess formation in underlying cortex (51) . A lymphocyte-rich infiltrate is seen in viral infection, either within the leptomeninges in meningitis or, characteristically, within perivascular zones with associated microglial nodules in viral encephalitis (Images 19 and 20) (52) . Extensive hemorrhage and necrosis are seen in HSV infection (53) . Examination for viral inclusions within neurons or glial cells, enhanced with virus-specific immunohistochemical stains (e.g,. CMV, adenovirus), is essential. Fungal meningitis or encephalitis may manifest as predominantly chronic or granulomatous leptomeningeal or cerebral inflammation, respectively, but this is a rare cause of SUD and usually occurs in the context of preexisting immunosuppression (51) . The exception is Candida spp. infection, which may arise in neonates following perinatal exposure, as described above. Special stains, including PAS and GMS, highlight fungal elements. A Gram stain is useful in bacterial meningitis and a ZN stain is warranted if there is granulomatous inflammation. Correlation with cerebrospinal fluid culture or virology studies is also warranted.
Periventricular Leukomalacia
Sampling of periventricular white matter adjacent the lateral ventricles during examination of the brain facilitates the detection of periventricular leukomalacia (PVL), characterized by hypoxic-ischemic periven- (51) . Periventricular leukomalacia most commonly affects premature or low birth-weight infants and is a major cause of cerebral palsy. It arises predominantly in the parietal and occipital lobes, can be focal, multifocal, or diffuse and histologically comprises axonal and cellular coagulative necrosis within the periventricular white matter (54) . Axonal swellings may be histologically evident and can be highlighted with an APP immunostain (Image 21) (51). Variable microglial activation, reactive gliosis, foamy histiocyte infiltrates, microcystic change, and neovascularization may be seen, depending on the age of the white matter injury at the time of SUD. Additional changes of hypoxic-ischemic encephalopathy may also be present including karyorrhectic or red-neurons within other susceptible parts of the brain such as the hippocampus, pontosubicular areas, basal ganglia, subcortical, or cerebral watershed regions (Images 21 and 22) (51) .
Hippocampal/Brainstem Changes in Sudden Infant Death Syndrome
Sudden infant death syndrome (SIDS) is the sudden unexpected death of an infant under one year of age, where no cause of death is identified following a complete medicolegal autopsy investigation including an autopsy, scene investigation, and examination of med- 
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ical history (1, 2) . A number of nonspecific and subtle neuropathologic features have been described in the brains of infants with SIDS including subcortical leukomalacia characterized by white matter spongy change and axonal swellings in subcortical white matter (55, 56) ; PVL (57); gliosis, abnormal myelination, and maturation of dendritic spines within the brainstem and abnormalities of respiratory centers, catecholaminergic, or serotonergic neurons (55-59), suggestive of an underlying developmental disorder predisposing to SIDS. More recently, abnormalities of the hippocampus have been described in the brains of infants with SIDS, specifically focal bilamination of granular neurons within the dentate gyrus (57) . Although there is no consensus agreement between forensic pathologists/neuropathologists as to the relationship between these hippocampal and brainstem changes and SIDS, formal examination of the brain following the protocol outlined above, including sections of the hippocampus and brainstem, is important for identifying and documenting these lesions. 
Cortex and Hippocampus in Seizure Disorder/Sudden Unexpected Death in Epilepsy
Sudden unexpected death in epilepsy (SUDEP) describes the sudden and unexpected, nontraumatic, and non-drowning death of an individual with a clinical history of seizure disorder and in whom no anatomical or toxicologic cause of death can be identified during the postmortem examination (60) . Neuropathologic findings in the brain at autopsy in SUDEP cases include focal cortical dysplasia, wherein a focal loss of cortical neuronal laminar organization and dysmorphic enlarged neurons are seen, heterotopias, including nodular periventricular heterotopia and subcortical band heterotopia, and also polymicrogyria (Images 23 to 27) (51, 61) . Examination of the hippocampus following SUDEP may also reveal Ammons horn sclerosis with pyramidal neuronal loss, predominantly within CA4, CA3, and CA1 and dispersion of the granular neurons (51, 62) . Focal bilamination of the granular neurons within the dentate gyrus of the hippocampus may also be described in temporal lobe epilepsy (63) . Nonspecific secondary histologic changes related to the antemortem seizure activity may include acute hypoxic-ischemic changes (red-neurons) and edema. In cases with chronic or recurrent seizures, subpial and cortical gliosis is common, including Chaslin's subpial gliosis seen in temporal lobe epilepsy, cere- 
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bellar Bergman gliosis and folia atrophy in SUDEP, and patchy neuronal dropout and white matter hypomyelination (51, 64) . Occasional cases of SUD may present with a low grade neoplastic epileptic focus such as a dysembryoplastic neuroepithelial tumour (DNET), ganglioglioma, pleomorphic xanthoastrocytoma, or a subependymal giant cell astrocytoma (SEGA) in cases of previously undiagnosed tuberous sclerosis (65) . The brain, in some cases, may show no diagnostic abnormality. A NeuN immunostain assists with assessment of neuron number, morphology, and distribution when assessing the temporal lobe or focal areas of cortical dysplasia or neuronal heterotopia. A glial fibrillary acidic protein (GFAP) stain will also highlight gliosis. Accumulation of corpora amylacea may also be highlighted with a PAS stain.
Skeletal Muscle and Diaphragm (one section of psoas, right, and left diaphragm)
The skeletal muscle in SUD cases is often unremarkable or shows nonspecific changes. Features of a necrotizing myopathy or rhabdomyolysis may rarely be seen in pediatric SUD in the context of toxic infections, hyperthermia, drug reaction, or metabolic electrolyte disturbances (Image 28) (66) . Exclusion of in- 
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fectious causes with special stains may be warranted in the context of immunosuppression or circumstances suggestive of sepsis. Mitochondrial myopathy may rarely present with SUD related to metabolic acidosis (67) . Sampling for electron microscopy to correlate ultrastructural features with histology is useful for excluding mitochondrial myopathies. Storage of frozen muscle tissue for genetic studies, such as mitochondrial DNA, is also recommended. The results of enzyme histochemistry testing on postmortem frozen skeletal muscle are unreliable.
Liver (one to two sections)
Extramedullary hematopoiesis (EMH) is often seen in the context of increased physiologic stress and is a common incidental finding in the liver of neonates or infants with chronic illness or liver disease. On H&E stains, EMH cells are intensely hyperchromatic, which can be appreciated even in autolysed tissue (Image 29).
Cytoplasmic vacuolization within hepatocytes may represent steatosis or an intrinsic metabolic disorder. 
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Microvesicular steatosis is defined as intracytoplasmic vacuoles, which do not displace the nucleus, and may be small and subtle on H&E stains (Images 30 and 31) (68, 69) . Macrovesicular steatosis is characterized by a large intracytoplasmic vacuole that displaces the nucleus eccentrically within the hepatocytes (68) . Oil red O stains on frozen tissue may assist in identifying and quantifying steatosis (Image 32). Large droplet steatosis of a mild degree is commonly seen incidentally at autopsy, especially given the increased prevalence of obesity. Macrovesicular steatosis may be a secondary finding in sepsis, chronic illness (including disorders of nutrition or metabolism such as Type 1 diabetes), or associated with exposure to certain antiepileptic drugs, steroids, amiodarone, or total parenteral nutrition (TPN) therapy (69) . Reye syndrome may present as SUD and is characterized by acute, panlobular, microvesicular intrahepatic steatosis (70) .
Liver autolysis may be misinterpreted a massive hepatic necrosis due to a generalized diffuse loss of hepatocellular nuclear basophilia and cellular detail. In contrast, hepatic necrosis tends to involve individual hepatocytes (apoptotic acidophil bodies), small clusters of cells (spotty/focal necrosis), or follow a zonal or geographic distribution depending on the etiology (71) . For example, centrilobular necrosis (zone 3) is often seen in ischemic or drug/toxin induced injury; 
piecemeal necrosis (periportal) is associated with viral, autoimmune, or drug-related etiologies; localized confluent necrosis related to ischemia or embolism; submassive or geographic necrosis is seen in viral infections such as HSV; or massive necrosis which may be seen in viral, autoimmune, drug, or Wilson disease and may be accompanied by a ductular reaction which can be highlighted with a CK7 immunostain (Image  33 and 34) . A PAS stain is useful in the detection of necrotic hepatocytes as in necrosis there is a patchy or zonal loss of staining, whereas a diffuse loss is usually seen in severely autolyzed tissue. A relative sparing of the bile ductular epithelium is another histologic clue suggesting hepatocellular necrosis.
Sudden unexpected death may result from acute fulminant hepatic failure as a consequence of viral hepatitis (such as hepatitis B, EBV, or HSV), metabolic conditions (such as Wilson disease), acute or idiosyncratic drug reactions, or malignancy (71, 72) . In up to 20% of cases, a specific cause may not be identified. Varying degrees and distribution of hepatic necrosis may be seen depending on the cause (see above). Correlation with results from special stains or immunos- Intrahepatic cholestasis is another common histologic finding at autopsy, though a detailed discussion of a broad differential diagnosis for cholestasis is beyond the scope of this review. Included are causes of extrahepatic obstruction such as extrahepatic biliary atresia (EHBA), intrahepatic disorders including giant cell hepatitis and conditions associated with ductopenia, congenital abnormalities such as Caroli disease or congenital hepatic fibrosis, metabolic disorders, chromosomal disorders (trisomy 21 or 18), infections such as viral hepatitis, toxins including sepsis, and TPN therapy. The latter is an important factor to exclude in the clinical history as it can mimic a number of other cholestatic conditions.
Image 29: Liver histopathologic findings include extramedullary hematopoiesis (H&E, x400).
Gastrointestinal System (one section from gastroesophageal junction, stomach, gastroduodenal junction, small bowel, colon, and rectum)
The gastrointestinal mucosa usually shows some degree of generalized autolysis throughout most sections taken at the time of autopsy. In less marked autolysis, there is relative preservation of the basal crypts. There is a lack of significant inflammation within lamina propria or crypt epithelium, and absence of surface/ lumenal necro-inflammatory debris, as is seen in ulceration or inflammatory conditions (11, 12) . In advanced autolysis, generalized full thickness mucosal loss may be seen, but a granulation tissue reaction will be absent.
Distinguishing early bowel ischemia from autolysis histologically can be particularly challenging. In contrast to autolysis, ischemic bowel usually shows mucosal hemorrhage and necrosis, with "withering" of surface crypts, edema, and marked vascular congestion of the bowel wall, especially involving submucoImage 30: Liver histopathologic findings include intrahepatic microvesicular steatosis on H&E stained section (H&E, x200). (11) . Frank ulceration may also be present. Ischemic bowel also tends to be segmental or patchy and may be limited to the mucosa, muscularis propria, or be transmural (12) .
Inflammation is usually not a prominent feature of bowel ischemia as compared to infectious enterocolitis, inflammatory bowel disease, or drug reactions (eosinophil rich infiltrate). Fibrin thrombi or necrotizing Image 31: Liver histopathologic findings include corresponding small droplet (microvesicular) cytoplasmic lipid droplets illustrated via electron microscopy performed on liver tissue (electron microscopy, x6000). 
thrombophlebitis may be evident within submucosal vessels. Transmural necrosis with an acute serositis is seen in cases of ischemic perforation. Free meconium and meconium-stained macrophages may be seen on the serosal surface in young neonates and can be highlighted on a PASD stain. Pseudomembranes, as seen in enterotoxin related (Clostridium difficile) ischemia, may be difficult to appreciate at autopsy due to coexisting mucosal autolysis.
Necrotizing enterocolitis (NEC), a rare cause of SUD in the premature neonate post-hospital discharge, may show widespread as well as multifocal and/or segmental involvement (Image 35) (73) . Pneumatosis with an associated foreign-body giant cell reaction may be observed as a late sequala of NEC (12) .
Sudden unexpected death due to gastroenteritis may occur as a result of sepsis or dehydration. Exclusion of infectious organisms with special stains is not usually fruitful. Distinguishing between acute tubular necrosis (ATN) and autolysis can be particularly challenging. Clues pointing to ATN include apical swelling or vacuolization and desquamation into the tubular lumen, tubular epithelial whorls, karyorrhectic debris within tubular epithelial cells, regenerative changes within tubular epithelium, proximal tubular dilatation, eosinophilic hyaline casts, interstitial edema, and/or inflammation (74) . These changes may be mistaken for autolysis, but tend to be patchy within and between tubules and admixed with varying degrees of tubular epithelial regenerative changes. Whereas, in tubular epithelial cell autolysis, the epithelial cells uniformly lose nuclear basophilia and appear faintly eosinophilic, without the presence of the above changes seen in ATN.
Hemolytic uremic syndrome/thrombocytopenic purpura (HUS/TTP) has been implicated in pediatric SUD and is classically characterized by the triad of microangiopathic hemolytic anemia, thrombocytopenia, and acute renal injury (75, 76) . Children usually present with bloody diarrhea and can rapidly progress to multiorgan failure (76) . Intravascular fibrin thrombi are evident within renal glomerular capillaries (Images 36 and 37) and these may be associated with ischemic changes including endothelial swelling and capillary Image 36: Sudden death associated with hemolytic uremic syndrome/thrombocytopenic purpura (HUS/TTP) with fibrin thrombi within glomerular capillaries (H&E, x400).
luminal narrowing (75) . Larger vessels may show fibrinoid necrosis and thrombi may be evident in mesangial vessels, which are often highlighted red on a trichrome stain. Renal cortical necrosis and hemorrhage may also be evident (76) . Extrarenal involvement, including within the CNS (hemorrhagic stroke, neuronal necrosis), gastrointestinal tract (colonic necrosis), myocardium (acute myocardial infarction), and liver (hepatic necrosis) may also be seen histologically and may also significantly contribute to death (76).
Although a rare cause of SUD, distinguishing between acquired and genetic forms of renal cystic disease is important given the potential genetic significance for living relatives of the decedent. In the autosomal recessive form of polycystic kidney disease, dilated collecting tubules form cysts which are radially arranged perpendicular to the renal capsule (Images 38 and 39 ) (75) . In the autosomal dominant form, cysts are also usually subcapsular though they are variably sized and irregularly arranged (12) . Similarly, acquired renal cystic diseases show irregular cystic change. Glomerular cystic dilatation of Bowman space with relative Image 37: Sudden death associated with hemolytic uremic syndrome/thrombocytopenic purpura (HUS/TTP) with fibrin thrombi within glomerular capillaries, highlighted in red on trichrome stain (trichrome, x400). 
collapse of the glomerular capillary tuft is characteristic of glomerulocystic disease (77) . The surrounding parenchyma in renal cortical cystic disease shows variable fibrosis, chronic inflammation, tubular atrophy, and glomerulosclerosis.
Renal dysplasia may be multicystic, segmental, or diffuse and is histologically characterized by disorganized renal parenchymal elements with primitive tubules and ducts (12) . Dilated tubules form variably sized cystic spaces, which are often cuffed by spindled primitive-appearing mesenchymal cells. Cartilage may also be present. A trichrome stain may aid in architectural assessment and highlight interstitial fibrous tissue.
Occasional tubular calcifications suggestive of nephrocalcinosis may be seen as an insignificant incidental finding at autopsy. Tubular calcification may also be seen in conditions causing hypercalcemia, chronic tubulointerstitial diseases, or distal renal tubular acidosis (78) . It may be found in association with diffuse secondary changes including tubular atrophy, interstitial fibrosis, glomerulosclerosis, or vascular disease. The pancreas undergoes rapid postmortem autolysis due to the endogenous enzymes inherent to the tissue (10) . In many cases, the general overall lobular architecture of the pancreatic parenchyma can still be assessed. Acute pancreatitis may occur in association with metabolic conditions, such as maple-syrup urine disease (79) . Fat necrosis and acute inflammation are classic features. In chronic pancreatitis, there is extensive interstitial fibrosis and chronic inflammation, atrophy of acinar structures, ductular ectasia, and calcification. A trichrome stain can be useful in highlighting these features.
In the neonate with a history suggestive of hyperinsulinism or nesidioblastosis (congenital islet cell hyperplasia), it may be difficult to confirm islet cell hyperplasia as increased numbers and size of islets are normally seen in the head, as compared to older children and adults (80) . Cytological atypia of islet cells is a clue to the diagnosis of islet cell hyperplasia. In nesidioblastosis, islet cells are increased in number and may show nucleomegaly, especially within sec-
tions taken from the pancreatic head. Ductuloinsulin complexes are formed by islet cells in close proximity to exocrine pancreatic ducts (81, 82) . These may be normally seen in the neonatal pancreas. Cytokeratin, insulin, and glucagon stains may be utilized to highlight ductuloinsular complexes. Referral to a pediatric gastrointestinal pathologist may be warranted in cases showing subtle features.
Type 1 diabetes mellitus is a condition characterized by insulinitis, wherein an infiltrate of lymphocytes is seen within and around islets and there is a reduction in the number of islets (83) . B lymphocytes are seen early in the disease course, whereas a predominance of T lymphocytes are present later, which can be immunotyped with CD20 and CD3 stains, respectively. Eventually, there is islet cell atrophy and replacement fibrosis, which a trichrome stain may highlight (Images 40 to 42). Armanni-Ebstein nephropathy and microvesicular hepatic steatosis may also been seen in children with SUD related to hyperglycemia/diabetic ketoacidosis, rarely with evidence of other end-organ acute complications (such myocardial or cerebral infarction) (84) .
Endocrine System
Pituitary (one section)
Panhypopituitarism may rarely present as SUD (85) . Changes seen histologically include pituitary fibrosis, Image 40: Pancreas in long-standing type 1 diabetes mellitus showing islet cell atrophy with no active insulinitis (H&E, x200).
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hypophysitis, and more rarely necrosis or a space occupying pituitary tumour (e.g., adenoma, craniopharyngioma). Causes of panhypopituitarism presenting in the neonatal or infantile period may be congenital, including absent or ectopic neurohypophysis, pituitary injury related to perinatal birth trauma or birth asphyxia, or antenatal injury resulting in pituitary stalk interruption syndrome. Correlation with birth records and history is helpful in these contexts. Sudden unexpected death may be a complication of septooptic dysplasia, a rare neuroendocrine disorder characterized by optic nerve hypoplasia, hypothalamic-pituitary dysfunction, and/or agenesis of the septum pellucidum or corpus callosum (86) . A small or hypoplastic pituitary gland is seen histologically, with variable involvement of the anterior and posterior lobes, one of which may be absent/unidentifiable (Images  43 and 44) . The neurohypophysis may be absent. Hypoplasia or absence of bilateral optic nerve tracts with associated gliosis, myelin loss, and axonal atrophy is seen on formal neuropathologic examination of cross sections taken from the optic nerves, often enhanced with Masson trichrome stains and neurofilament immunohistochemistry. Atrophic changes may also be seen in downstream endocrine organs (e.g., adrenals, thyroid, and/or gonads). Given these changes may be subtle, referral for formal neuropathologic examination of the brain is recommended. Sudden unexpected death may be a complication of congenital adrenocortical hyperplasia (CAH) (87) . Usually bilateral, CAH varies histologically and may show diffuse hyperplasia of eosinophilic adrenocortical cells, most prominently affecting the zona fasciculata layer, with lipid depletion. Nodular areas may also be present. In contrast, the lipid rich form of CAH shows increased lipid within cortical cells, occasionally with cholesterol clefts, foreign body giant cells, and calcification.
Adrenal medullary hemorrhage is characteristic of Waterhouse-Friderichsen syndrome (WFS), which is most commonly seen in the context of a severe bacterial infection, typically Neisseria meningitides (88) . Other more common causes include Pseudomonas aeruginosa, Streptococcus pneumoniae, Staphylococcus aureus, Haemophilus influenza, and Mycobacterium tuberculosis. The adrenals show massive hemorrhage and extensive hemorrhagic cortico-medullary necrosis (12, 88) . Correlation with special stains for organisms (e.g., Gram, ZN) and microbiologic studies is required to confirm and etiological cause. 
Sudden unexpected death due to retroperitoneal hemorrhage as a complication of adrenal neuroblastoma has also been reported (89) . A unilateral adrenal mass is detected histologically and composed of primitive small round blue cells showing variable degrees of differentiation, set within a neurofibrillary stroma. Immunohistochemical stains are essential for tumour subtyping (including NB84 as part of a "small round blue cell tumour panel"). Hemorrhagic necrosis with rupture of the tumour accounts for the retroperitoneal hemorrhage. Variable other systemic findings may be seen associated with tumor metastases and/or catecholamine production (89) .
Rare case reports of SUD related to hypertension as a complication of pheochromocytoma have been reported in young adults. Although there have been no reports to date in the pediatric population, the potential for SUD secondary to pheochromocytoma-induced uncontrolled hypertension is theoretically possible (90) . A classic zellballen, trabecular, or solid arrangement of spindled to polygonal cells with amphophylic cytoplasm are typically seen, often exhibiting variable "endocrine" atypia. A PASD stain highlights intracytoplasmic hyaline globules. Tumor cells should be positive for chromogranin and synaptophysin and an S100 stain will mark the sustentacular cells. 
Thyroid (one section including trachea)
Thyroid follicular epithelium often shows features of autolysis at autopsy, and colloid may not be evident in infants and young children. The lobular architecture and follicle outlines are still usually apparent. Although there are reports of SUD associated with undiagnosed hyperthyroidism in adults, to our knowledge, no such reports exist in the pediatric literature.
Hemato-Lymphoid System (one section of spleen, thymus, and bone marrow)
Examination of the spleen is often limited to due autolysis. Extramedullary hematopoesis may be still evident on H&E stained sections, the nuclei of such cells often appear more hyperchromatic relative to background spleen (12) . Sickled red blood cells, Gamna-Gandy bodies, and recent or remote infarcts INVITED REVIEW (91) . Obvious marrow involvement by malignancy will also be apparent on H&E stained sections. Immunohistochemical stains may assist; however, the reliability of such testing may vary because of decalcification, which is often required for proper specimen processing.
The thymus normally undergoes involutional changes with age. Thymic "stress" effects may be acute or chronic in nature (12) . In acute stress, there is cortical lymphocyte depletion (apoptosis) and increased lymphophagocytosis by cortical tingible body macrophages, imparting a "starry-sky" appearance and resulting in blurring of the corticomedullary junction and thymic weight below that expected for age (Images 48 to 50). Grading (from 0-4; mild-severe) is based on the degree of cortical lymphocyte depletion, the architectural features, and the duration of the stress/ illness (92) . The lobular architecture, with cortex and medulla containing Hassall's corpuscles, is maintained in mild stress atrophy (grades 0-2), whilst there is a loss of corticomedullary definition in more severe stress atrophy (grade 3-4). Correlation with clinical history, patient age, and expected thymic weights for age help to distinguish between thymic stress atrophy and age related atrophy.
Thymic hypoplasia, or rarely thymic absence, with T lymphocyte depletion is characteristic of DiGeorge syndrome (22q11.2 deletion syndrome), which is also Image 47: Hypocellular bone marrow consistent with pancytopenia in a case of acute lymphoblastic leukaemia, post-treatment (H&E, x400).
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associated with congenital cardiac anomalies, parathyroid and thyroid hypoplasia, and systemic features of immunosuppression (12) . Sampling of the parathyroid with calcitonin immunostaining, specifically to detect an absent or significantly reduced C cell population, is indicated in this setting.
Other
Ovarian cysts are common incidental findings at autopsy and unless they are associated with acute torsion and rupture, do not significantly contribute to SUD. Polycystic ovarian disease is characterised by multiple cortical cystic follicles, each surrounded by a dense fibrous capsule and set within a fibrotic stroma, and usually involves both ovaries. If this is noted macroscopically, histologic sampling of both ovaries may be warranted. Ovarian streaks comprising ovarian stroma without follicles, as seen bilaterally in 45, X (Turner syndrome), is important to recognize because of its potential genetic implications (12) .
Image 48: Thymus with mild lymphocyte depletion with prominent cortical lymphophagocytosis ("starry-sky") consistent with mild to moderate acute stress effect (H&E, x40).
